greatly interfere with the growth of diatoms. Similarly, Gerloff, Fitzgerald & Skoog (1950) have used ultraviolet irradiation to obtain bacteria-free cultures of the blue-green algae. Both these methods, however, depend upon a subsequent extinction dilution procedure.
The use of antibiotics seemed to offer a possible method. Fish (1950) employing exposure to massive doses of penicillin made some preliminary experiments with a green flagellateand an Enteromorphaculture. He was able to show that pre-treatment of the algae in 5000 units/mI. penicillin followed by subculture into a peptone broth (at a resultant concentration of 500 units of penicillin per mI.) prevented the growth of the bacterial flora for periods of up to 7 days and that the motility of the flagellatein Erdschreiber medium was apparently not affectedby the presence of 1000units/mI. of penicillin. In addition, by holding zoospores of Enteromorphain a similar massive concentration of penicillin he was able to obtain a culture with no free-living bacteria in the medium. The flagellatewas not subcultured in the absence of penicillin and subsequently tested for sterility nor was the algalmaterial of the Enteromorphasubmitted to sterility tests. In principle, however, the method seemedto offer a possibletechnique and these notes report some further work which has been directed towards extending the previous studies.
This work has been done in the laboratories of the Marine Biological Association at Plymouth. I wish to record my thanks to Mr F. S. Russell, F.R.S., for making freely available all the facilities of the laboratory, to Dr H. W. Harvey, F.R.S. and Dr Mary Parke for their continued interest and encouragement and for many helpful discussions and to the latter for supplying the cultures of phytoplankton organisms.
Materials
Penicillin was obtained in a sterile condition as the crystalline sodium salt of 90% purity. Powdered sterile streptomycin (calcium chloride) was used. Solutions of required strength were made up in sterile water with aseptic precautions immediately before use.
EXPERIMENTAL

B(l(;teriological Methods
Several media have been used for sterility testing. Their composition is detailed below.
Peptone sea water: 0'5% bacto-peptone, 0'01 % ferric phosphate dissolved in 75 % sea water.
Peptone sea water agar: as for peptone sea water plus 1'5 % powdered agar.
Casein sea water agar: 0'05 %bacto-peptone, 0'05 %soluble casein, 0'05 % soluble starch, 0'1 % (v/v) glycerol,0'02 % dipotassium hydrogen phosphate, 1'5% agar dissolved in 75% sea water.
The media were made up in aged filtered sea water diluted to 75% with distilled water and were sterilized by autoclavingfor 3°min. at 5 lb. pressure.
Plate cultures were inoculated by pouring, care being taken to cool the agar to 420 C. before addition. All cultures were incubated at 220C.
Phytoplankton Cultures
Throughout these studies, normal bacteriologicaltechniques were used to prevent contamination. Organisms were cultured in either plugged 100ml. conical Pyrex flasksor plugged 25 x 15°rom. rimless Pyrex tubes.
The Nitzschia closteriumforma minutissimaused in these studies was a subculture from Allen's original strain which had been maintained in Miquel medium. The other organisms were obtained by subculture from stocks maintained in normal Erdschreiber medium.
During these experiments the Nitzschia was maintained in sterile enriched as above, enriching aseptically with 0'°°3 %disodium hydrogen phosphate and 5% (vjv) soil extract. The latter was prepared by extracting soil with an equal weight of water by heating in the autoclave for 3°min. at 10 lb. pressure. After clarifyingthe extract by centrifuging it was finally sterilized by autoclaving for 15 min. at 3°lb.
The Observations
At low concentrations penicillin is essentially bacteriostatic towards those bacteria which depend, for growth, upon the assimilation of glutamic acid rather than upon its synthesis. Such organisms tend to be Gram positive whereas the majority of marine bacteria are Gram negative (Zobell, 1946) .The technique of exposure for short periods to massivedoses of antibiotic seemed to presuppose that under these conditions it may exert some bactericidal effect. There is some evidence that penicillin exerts a killing effect and may disorganize the ribonucleic acid metabolism of the cell (for references on mode of action of penicillin see review by Peck & Lyons, 1951) , but unfortunately the sterility tests used by Fish were conducted in the presence of a concentration of antibiotic that might, in any case, be expected to be bacteriostatic. Information was therefore required on the persistence of the 7-2 100 C. P. SPENCER antibiotic effect of penicillin (or its breakdown products) in sea water. Varying amounts of penicillin were added to sterile peptone sea water and stored in the light at room temperature. Inoculation of these with I mI. of a crude diatom culture at intervals showed that after 16 days' storage the inhibitory effect on bacterial growth of the original additions of 100 units/mI. was still very considerable. Bearing these results in mind the effect of various concentrations of penicillin on the growth in peptone sea water of the bacterial flora associated with a crude diatom culture was investigated. The results shown in Table I are typical of those obtained. To robes of peptone sea water were added various concentrations of penicillin. Tubes inoculated with 1 ml. of a crude culrore of Nitzschia closterium. Observed daily and day when growth first seen in each tube (turbidity) noted.
Concentrations of 100 units/mI. and over inhibited bacterial growth in this medium for over 3 weeks. The correspondence between these results and those obtained by Fish on a sample of sea water suggests that pre-treatment for a limited period in high concentrations of penicillin has little additional effect and that the inhibition he observed is explicable in terms of the bacteriostatic effect of the penicillin present during his sterility tests.
The results with the higher penicillin concentrations offered some hope that the prolonged bacteriostatic effect would prevent survival of the bacterial flora without adversely affecting the diatoms. Samples of a vigorously growing culture of Nitzschia closterium forma minutissima were dispensed in plugged sterile tubes and amounts of penicillin added to give resultant concentrations of 50, 100,500, 1000,5000, and 10,000 units/mI. The cultures were kept in a north window. In those containing 5000 and 10,000 units/mI. diatom growth was obviously inhibited, the cells settling and finally loosing all colour. The diatoms in the lower concentrations grew well and showed no obvious difference from a control culture and were, after 16 days, still viable on subculturing to penicillin-free media. At the same time as this diatom viability test, one mI. samples of all tubes showing diatom growth were inoculated into (a) peptone sea water, and (b) peptone sea water agar. The results of this test are shown in Table II and indicate the essentiallybacteriostatic action of the penicillin. Thus, though 100 units penicilli~per ml. is sufficientto inhibit all growth in peptone sea water for over 21 days, some bacterial cells are still viable and will grow on subculture to penicillin-free peptone sea water. The negative results obtained in peptone sea water on inoculation with samples from the diatom culture which had contained 1000unitsjml. might be due to sufficient residual antibiotic activity having been carried over with the inoculum. On the other hand, on reinoculation of this tube some growth was obtained. Moreover, these penicillin concentrations yielded positive results when samples were used to inoculate peptone sea water agar. The same dilution factor was involved in this case and it seems most probable that the prolonged bacteriostatic effectof the penicillin is sufficientto prevent survival of the majority of the bacterial flora which will grow easily in peptone sea water. Some cells of the flora survive and continue to grow on transference to a penicillin free media. These' resistant cells' seemto be culturally different ftom the bulk of the florain that they will not easilygrow in peptone sea water but do so in an identical medium solidifiedwith agar.
A similar series of experiments with streptomycin showed that this antibiotic was not as effective a bacteriostatic agent for the bacterial flora associated with a diatom culture as penicillin (see Tables III, IV and Fig. I ). It was, moreover, more inhibitory to diatom growth, 500unitsjml. producing a marked inhibition. A comparisonof the gross cultural characteristicsof the 'streptomycin resistant' bacteria on peptone sea water agar showed.a marked predominance of orange-or brown-pigmented colonies. In contrast, these organisms were sparsely distributed amongst the colonies that survived prolonged penicillin exposure. This suggested that the two antibiotics might be active against different sections of the bacterial flora and the possibility of the use of mixtures of the two was therefore investigated. A vigorously growing culture of Nitzschia closteriumforma minutissimawas dispensed in To tubes of peptone sea water were added various concentrations of streptomycin. Tubes inoculated with I mI. of a crude culture of Nitzschia closterium. Observed daily and day when growth first seen in each tube (turbidity) noted. plugged sterile tubes and penicillin and streptomycin added to give resultant concentrations of 50, 100 and 500 units/mI. of both. The tubes were illuminated in a north window for 16 days during which time diatom growth occurred (somewnat inhibited in the highest concentration), all concentrations finally yielding viable diatom cells on subculture to antibiotic-Jree medium. At the same time I mI. quantities of the culture were tested for bacterial growth by inoculation into (a) peptone sea water, and (b) peptone sea water agar. The results are shown in Table V . I m!. quantities of a diatom culture which had grown in the presence of stated amounts of both penicillin and streptomycin for r6 days inoculated into (a) peptone sea water (P.s.w.), and (b) peptone sea water agar (P.S.W.A.).
The diatom cells grown in the presence of 500 units/mI. of both streptomycin and penicillin showed no bacterial growth after inoculation into both testing media. On reinoculation of these tests with I mI. of a crude diatom culture, only slight growth was obtained in peptone sea water and none on peptone sea water agar, and it therefore seems probable that the negative results obtained were due to residual antibiotic activity being carried over with the inoculum. Considerable numbers of diatom cells were still viable and good growth was obtained on inoculation into sterile enriched sea water without additions of the antibiotics. On repeating the same procedure with other samples of the same crude diatom culture, treatment with 500units/m!. of the two antibiotics did not always yield completely negative sterility tests of the type shown in Table V . Regardless of this, the bacteriostatic effectof the antibiotics is always very considerable and providing a vigorous diatom growth has occurred the ratio of bacteria: diatoms will alwayshave increased tremendously in favour of the diatoms. It has invariablybeen found possible to obtain a bacteria-free subculture of the diatom by inoculating numerous samples of sterile enriched sea water with very small inocula from the antibiotic treated culture (e.g. loop inocula of approximate volume 0'006 mI.). I mI. samples from a proportion of such subcultures normally prove to be bacteria-free. One such strain of Nitzschia has been maintained for several months by serial subculture in sterile medium.~egular sterility tests show it to be still bacteria-free.
A preliminary investigation has been made of the possibility of applying the technique to other phytoplanktoncultures. No members of the Cryptophyceae tested showed any growth except Hemiselmis rufescens Parke, which gave variable results. A featur~of these latter investigations was the reluctance to grow on subculture from the antibiotic-treated culture to ordinary Erdschreiber of those members of the Dinophyceae and Chrysophyceae which had produced good growth in the presence of the antibiotics.
DISCUSSION
The preliminary investigations reported in this note indicate that the use of penicillin and streptomycin for obtaining bacteria-free cultures of diatoms depends upon their selectivebacteriostatic action. It seems possible that the high concentrations used do exert some bactericidal effect, but some of the bacterial flora survives long exposure under these conditions. Success,therefore, depends upon some form of extinction dilution procedure, though under suitable conditions this can be reduced to the use of small inocula for subculture from the antibiotic-treated media. It must be emphasized that sterility tests can give Inisleading results if there is a chance of sufficient antibiotic activity being carried over with the inocula, and in view of this such tests are best carried out on samples of subsequent subcultures in sterile antibiotic-free medium. In any case it is desirable that several successive subcultures in the absence of antibiotics should prove to be sterile before the culture is considered to be bacteria free. In addition, experiencehas shownthe desirability of extensivesterility testing on a variety of media. Cultures have frequently been obtained which yielded no bacterial growth on peptone sea water agar but did in peptone sea water and vice versa. The casein medium has sometimesshown the presence of bacteria (and actinomycetes) which did not grow on either peptone sea water or peptone sea water agar. The latter medium (Zobell, 1941) seems, however, to satisfy the requirements of most marine heterotrophes and the use of both liquid and solid media for sterility testing appears more 'important than the use of media of widely differing nutrient composition.
The antibiotics used are not effectiveagainstmoulds and actinomycetesand their addition in the quantities used causes an enhanced growth of such organisms. It is essential that the crude phytoplankton cultures used should be free of such organisms, otherwise the culture will be heavily contaIninated with mycelial growth. Vigorously growing algal cultures are, however, normally only slightly contaminated with such organisms and a mould-free algal culture can normally be obtained by the usual washing procedure prior to antibiotic treatment. It is of interest that very heavymycelialgrowth which occurred in some flagellatecultures treated with antibiotics did not cause any marked inhibition of algal growth.
Throughout these studies it has been obvious that organisms which best survived the antibiotic treatment were those of a robust nature (e.g. Nitzschia and members of the Chlorophyceae). In general these organisms are known to be non-exacting in their nutritional requirements and will grow in Miquel Sea Water. Organisms which need soil extract for continued growth are the most affected by the antibiotics. The organisms of this class, which will tolerate the action of the antibiotics, frequently do not grow on subsequent subculture to sterile antibiotic-free media. In such it is possible that the antibiotics have directly affectedthe algae. It seemsmore probable, however, that such effects are due to an indirect action. If the more nutritionally exacting algae are dependent upon symbiotic bacteria for essential nutrients or growth factors, then control of the bacterial flora may ultimately limit alg~growth. Such considerations make the direct application of the technique to a wide variety of phytoplankton organisms difficult. For any organisms with complex nutritional requirements, media other than Erdschreiber may have to be used in the absence of the symbiotic bacteria.
SUMMARY
To develop a technique for the isolation of bacteria-free algal cultures, the use of penicillin and streptomycin for controlling bacterial growth has been investigated.
. By using the selectivebacteriostatic properties of the antibiotics it has been found possible to increase the ratio algal cells: bacteria markedly in favour of the algae. From suitably treated cultures it has been found possible to obtain subcultures of Nitzschia closteriumforma minutissimaand two members of the Chlorophyceae which produce no bacterial growth on a variety of media.
A preliminary investigation of the application of the technique to other algal cultures has been made. The possibilities and difficulties of this are discussed.
